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Objective 

The aim of this study was to evaluate indications, efficacy, and complications associated with pelvic arterial 
embolization (PAE) for postpartum hemorrhage (PPH). 

Methods 

We retrospectively reviewed the medical records of 117 consecutive patients who underwent PAE for PPH between 
January 2006 and June 201 3. 

Results 

In our single-center study, 117 women underwent PAE to control PPH refractory to conservative management 
including uterine massage, use of uterotonic agents, surgical repair of genital tract lacerations, and removal of retained 
placental tissues. Among 1 1 7 patients, 69 had a vaginal delivery and 48 had a Cesarean section. The major indication 
for embolization was uterine atony (54.7%). Other causes were low genital tract lacerations (21.4%) and abnormal 
placentation (14.5%). The procedure showed a clinical success rate of 88.0% with 14 cases of PAE failure; there were 
4 hemostatic hysterectomies and 10 re-embolizations. On univariate analysis, PAE failure was associated with overt 
disseminated intravascular coagulation (P= 0.009), transfusion of more than 10 red blood cell units (RBCUs, P= 0.002) 
and embolization of both uterine and ovarian arteries (P= 0.003). Multivariate analysis showed that PAE failure was 
only associated with transfusions of more than 10 RBCUs (odds ratio, 8.011; 95% confidence interval, 1.531-41.912; 
P = 0.014) and embolization of both uterine and ovarian arteries (odds ratio, 20.472; 95% confidence interval, 
2.71 5-1 54.365; P= 0.003), which were not predictive factors, but rather, were the results of longer time for PAE. Three 
patients showed uterine necrosis and underwent hysterectomy. 

Conclusion 

PAE showed high success rates, mostly without procedure-related complications. Thus, it is a safe and effective adjunct 
or alternative to hemostatic hysterectomy, when primary management fails to control PPH. 
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Introduction 

Postpartum hemorrhage (PPH) is a significant cause of ma- 
ternal mortality worldwide, accounting for 25% to 30% of all 
maternal deaths [1]. PPH is a common entity that complicates 
as many as 18% of all deliveries, defined as an estimated 
blood loss of more than 500 ml_ by vaginal delivery (VD) and 
more than 1,000 mL by Cesarean section [1]. The most com- 
mon causes of PPH include uterine atony, retained products 
of conception, placental abnormalities, lower genital tract 
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lacerations and coagulopathies. The major common compli- 
cations of PPH are hypovolemic shock, disseminated intra- 
vascular coagulation (DIC), renal failure, hepatic failure, and 
adult respiratory distress syndrome [2]. Most patients can be 
managed conservatively by uterine massage, administration of 
uterotonics, surgical repair of genital tract lacerations, removal 
of retained placental tissues, vaginal packing or correction 
of coagulation disorders [2]. When PPH does not respond to 
conservative management, however, appropriate and timely 
intervention is critical for good clinical outcomes, because PPH 
is potentially life-threatening. 

During the past 20 years, the frequency of emergency peri- 
partum hysterectomy has decreased from 1/1,000 to 1/2,000 
deliveries in developed countries [3]. This substantial drop 
might be due to marked improvements in medical resuscita- 
tion and an increased use of conservative treatments includ- 
ing pelvic artery ligation, uterine compression techniques, 
uterine balloon tamponade (UBT), and pelvic arterial em- 
bolization (PAE) [3]. However, the disadvantage of surgical 
treatments such as hypogastric artery ligation include low 
success rates (<50%) due to abundant collateral blood supply 
to the uterus, the need for general anesthesia, and surgical 
complications including infection, bleeding, and ureteral injury 
[4,5]. Since selective uterine artery embolization showed suc- 
cess for PPH in 1979 by Brown et al. [6], it has emerged as a 
safe, effective and minimally invasive alternative to traditional 
surgical treatments such as hypogastric artery ligation or hys- 
terectomy. Subsequently, several authors have reported the 
usefulness of this technique as a first-line treatment for PPH 
in those patients refractory to conservative treatment [7]. 

The goal of this study was to determine indications, efficacy, 
and complications of PAE in the management of PPH. In addi- 
tion, we attempted to identify specific risk factors associated 
with an increased likelihood of failed PAE because identifica- 
tion of these factors may assist physicians in optimal manage- 
ment of PPH. 



Materials and methods 

This study was approved by our institutional review board. All 
consecutive patients who underwent PAE for PPH at our ter- 
tiary care center between January 2006 and June 2013 were 
included in this study. During the study period, a total of 129 
patients underwent PAE owing to either primary or secondary 



PPH despite conservative measures, of which 12 underwent 
hemostatic hysterectomy prior to PAE. Among 12 patients, 
2 patients were transferred from other institutions after Ce- 
sarean hysterectomy, while 10 patients underwent Cesarean 
hysterectomy in our hospital. To evaluate the efficacy of PAE 
as primary management in the management of PPH, patients 
who had undergone Cesarean hysterectomy before PAE were 
excluded in this study. We reviewed the medical records of 
each patient to gather data regarding patients' and neonates' 
characteristics, etiologies of PPH, type of delivery, DIC scor- 
ing, blood transfusion, peri-interventional characteristics, peri- 
interventional complications, and outcomes of the procedure. 
According to the International Society for Thrombosis and 
Haemostasis (ISTH) diagnostic scoring system for DIC, certain 
cut-off values were given to each global coagulation test so 
that the results could be represented by scores of 0, 1, or 2. A 
cumulative score of five or more from prolonged prothrombin 
time, reduced platelets and fibrinogen, and elevated fibrin-re- 
lated markers such as D-dimer and fibrin degradation product 
were considered to be overt DIC [8]. We calculated DIC scores 
providing objective measurement of DIC. 

Initially, these patients were managed medically by correct- 
ing hypovolemia with intravenous fluids, transfusion of blood 
products, fresh frozen plasma or platelet concentrates in the 
presence of consumption coagulopathy as well as administra- 
tion of uterotonics such as intravenous oxytocin, intramuscular 
methylergometrine, prostaglandin E2 analog sulprostone or 
prostaglandin E1 analog misoprostol. Uterine massage, re- 
pair of lower genital tract lacerations and uterine evacuation 
for retained placenta were performed if necessary. Once the 
obstetricians decided that primary measures were unlikely to 
control the hemorrhage, a qualified well-trained interventional 
radiologist performed PAE. During the procedure, the obste- 
tricians continuously monitored vital signs and maintained 
hemodynamic stability. 

Right femoral artery catheterization under local anesthe- 
sia was performed to get an initial pelvic aortogram for the 
selective uterine artery or anterior trunk of the hypogastric 
artery identification using Seldinger's technique. Extravasa- 
tion of contrast medium is the hallmark of active hemorrhage. 
Uterine arteries were targeted first regardless of bleeding 
state because even if there is no extravasation of contrast 
material, uterine artery embolization is still effective in halting 
hemorrhage. In the presence of any remaining extravascu- 
lar leakage of contrast agent, further selective occlusion of 
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pelvic arterial branches was performed. We preferred to use 
pledges of absorbable gelatin sponge (Spongostan, Johnson 
& Johnson, Gauteng, South Africa) that temporarily occludes 
vessels, resulting in uterine artery re-canalization to preserve 
the patient's future fertility. Microcoils (Hilal or Tornado, Cook, 
Bloomington, IN, USA), glue (Histoacryl, Braun, Sempach, 
Switzerland), or polyvinyl alcohol particles (Contour, Boston 
Scientific, Boston, MA, USA) were also used as primary em- 
bolic agents or additional embolic materials at the interven- 
tionist's discretion. At the end of the procedure, repeat angi- 
ography was routinely performed to confirm the satisfactory 
result of intact pelvic vasculature without residual extravasa- 
tion. And then, the obstetricians checked cessation of vaginal 
bleeding on speculum inspection. Femoral arterial vascular 
sheaths remained in place for the following 24 hours, to pro- 
vide rapid access in case of rebleeding that might cause he- 
modynamic instability. Clinical success was defined as the ces- 
sation of bleeding after PAE without the need for repeat PAE 
or additional surgical intervention during the hospital stay [9]. 
The definition of primary and secondary PPH was PPH occur- 
ring within the first 24 hours and from 24 hours to 6 weeks 
after delivery, respectively [10]. Hemodyanmic instability was 
defined as a systolic blood pressure lower than 90 mmHg and 
heart rate greater than 120 beats/min despite adequate fluid 
resuscitation, or the need for continuous administration of an 
inotropic agent. The clinical features were compared between 
failed and successful PAE. In addition, we attempted to iden- 
tify specific risk factors for the uterine necrosis. 

Binary logistic regression analysis was performed. Differ- 
ences were considered significant when P<0.05. The PAE fail- 
ure factors with P<0.05 in univariate analysis were tested in 
multivariate analysis using binary logistic regression analysis. 
Statistical analysis was carried out using SPSS ver. 20.0 (IBM 
Co., Somers, NY, USA). 



Results 

During the study period, 117 women (mean age, 32 years) 
underwent PAE for PPH at our institution. Clinical data are 
summarized in Table 1. Sixty-nine patients (59.0%) delivered 
via VD and forty-eight (41 .0%) via Cesarean delivery (CD). Fif- 
ty-six (47.9%) women were primiparas and sixty-one (52.1%) 
women were multiparas. The mean pregnancy term was 38 
weeks and 12 women (11.1%) had preterm deliveries. The 



suspected etiology was mostly uterine atony. However, other 
associated etiologies such as low genital tract laceration, 
placenta previa, and retained placenta were also present, 
often combined with uterine atony. Twenty-seven patients 
(23.1%) delivered in our hospital and ninety women (76.9%) 
were transferred from other institutions where interventional 
radiologic services were not available. There were 55 patients 
(47.0%) who showed hemoglobin lower than 8 g/dL. Blood 
transfusion of more than 10 red blood cell units (RBCUs) 
was required in 43 women (36.8%) accompanied by either 
DIC or hypovolemic shock. Thirty-three women (28.2%) were 
overt DIC on the basis of laboratory tests performed before 
PAE. Univariate analysis showed that primiparous women (41 
vs. 15 patients, P= 0.003), primary PPH (62 vs. 39 patients, 
P= 0.032) and transfer from other institutions (59 vs. 31 pa- 
tients, P= 0.008) were significantly associated with VD (Table 
1). Among 69 VD patients, 25 patients (36.2%) showed ex- 
travasations from the internal iliac branches (P<0.001). In the 
CD group, however, there were more preeclamptic women 
(6 vs. 1 patient, P=0.013) as well as abnormal placentation 
such as placenta previa and/or accreta (15 vs. 2 patients, 
f<0.001). In the CD group, 3 patients showed arteriovenous 
malformation on angiography. 

In 1 17 PPH patients, PAE was performed in 19 cases (16.2%) 
for the secondary PPH (Table 1). Only in the secondary PPH 
group, 3 patients showed arteriovenous malformation on an- 
giography. Also, there were 3 patients with retained placental 
fragments in the secondary PPH group. Compared to the sec- 
ondary PPH, there were more primiparous (52 vs. 4 patients, 
P=0m 1), more overt DIC (32 vs. 1 patient, P=0.014) and 
blood transfusion of >10 RBCUs (40 vs. 3 patients, P= 0.038) 
in the primary PPH group (data not shown in Table). Although 
a majority of patients with primary PPH underwent PAE after 
VD, most of the patients following CD developed second- 
ary PPH (62 of 98 primary PPH vs. 12 of 19 secondary PPH, 
P =0.032; data not shown in Table). 

There were 20 patients who primarily underwent hyster- 
ectomy during or after the CD (Table 2). According to the 
univariate analysis between 117 patients of the PAE group 
and 20 of the hysterectomy group, there were also significant 
differences in age (32 + 5.0 vs. 35.0 + 4.0 years, />= 0.006), 
primiparity (56 vs. 4 patients, P =0.027), abnormal placenta- 
tion (17 vs. 15 patients, f<0.001) and blood transfusion >10 
RBCU (43 vs. 19 patients, P<0.001). 

The overall clinical success rate was 88.0% (103 of 117 
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Table 1. Characteristics of the patients, neonates, PPH, and periembolization data according to the mode of delivery 



Characteristics 


Type of delivery 


/M/alue 


Vaginal (n = 69) 


Cesarean (n = 48) 


PAE failure 


9(13.0) 


5 (10.4) 


0.667 


Maternal characteristics 


Age (yr) 


32.0 ± 5.0 


33.0 ± 5.0 


0.297 


Primiparity 


41 (59.4) 


15 (31.3) 


0.003 


Twin pregnancy 


0 (0.0) 


3 (6.3) 


0.999 


Preeclampsia 


1 (1.4) 


6(12.5) 


0.038 


Neonatal characteristics 


Gestational age (wk) 






0.175 


<34 


0 (0.0) 


1 (2.1) 




34-36 wk 6 day 


4(5.8) 


8 (16.7) 




>37 


65 (94.2) 


39 (81.3) 




Birth weight >4,000 g 


5(7.2) 


3 (6.3) 


0.834 


PPH characteristics 


Type of PPH 






0.032 


Primary 


62 (89.9) 


36 (75.0) 




Secondary 


7 (10.1) 


12 (25.0) 




Cause of PPH 


Uterine atony 


39 (56.5) 


25 (52.1) 


0.635 


Abnormal placentation a) 


2 (2.9) 


15 (31.3) 


<0.001 


Low genital tract trauma 


25 (36.2) 


0 (0.0) 


0.998 


Retained placental fragments 


2 (2.9) 


1 (2.1) 


0.785 


Others b) 


1 (1.4) 


7 (14.6) 




Overt DIC 


19(27.5) 


14(29.8) 


0.792 


Hospital-to-hospital transfer 


59 (85.5) 


31 (64.6) 


0.010 


Peri-interventional characteristics 


Hemodynamic instability 


32 (46.4) 


21 (43.8) 


0.779 


Initial hemoglobin <8 g/dL 


35 (50.7) 


20 (41.7) 


0.335 


More than 10 RBCU transfused 


21 (30.4) 


22 (45.8) 


0.091 


Extravasation site 


No extravasation 0 


8(11.6) 


8 (16.7) 


0.651 


Only uterine arteries 


33 (47.8) 


22 (45.8) 


0.936 


Arteries related to lower genital tract trauma d) 


25 (36.2) 


0 (0.0) 


0.998 


Arteries related to Cesarean delivery 6 ' 


0 (0.0) 


13 (27.1) 


0.999 


Pseudoaneurysm 


3 (4.3) 


2 (4.2) 


0.987 


Arteriovenous malformation 


0 (0.0) 


3 (6.3) 


0.999 


No. of PAE 






0.459 


1 


62 (89.9) 


45 (93.8) 




>2 


7 (10.1) 


3 (6.3) 




Hemostatic hysterectomy 


2 (2.9) 


2(4.2) 


0.710 



Binary logistic regression analysis was performed. 

Data are presented as number (%) or mean±standard deviation. 

PPH, postpartum hemorrhage; PAE, pelvic arterial embolization; DIC, disseminated intravascular coagulation; RBCU, red blood cell unit. 
"'Abnormal placentation includes placenta previa and/or creta (accreta, increta or percreta); b) Others include pseudoaneurysm of the 
vaginal (1 patient) and superior vesical arteries (1 patient) and the injury of inferior epigastric (5 patients) and superior vesical arteries (1 
patient); "'Angiography depicted hypertrophy of the uterine arteries without active contrast extravasation; ""Extravasations from unilateral 
uterine, superior vesical or inferior epigastric arteries; e) Extravasations from the internal iliac branches including vaginal, obturator, internal 
pudendal, inferior gluteal or lateral sacral arteries except uterine arteries. 
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Table 2. Comparison of clinical characteristics between PAE group and hysterectomy group 



Characteristic 


PAE group (n=117) a) 


Hysterectomy group (n=20) b) 


lvalue 


Maternal characteristics 


Age (yr) 


32.0+ 5.0 


35.0 ±4.0 


0.006 


Primiparity 


56 (47.9) 


4 (20.0) 


0.027 


Twin pregnancy 


3 (2.6) 


0 (0.0) 


0.999 


Preeclampsia 


7 (6.0) 


3 (15.0) 


0.167 


Previous Cesarean delivery 


24 (20.5) 


14(70.0) 


<0.001 


Neonatal characteristics 


Gestational age (wk) 






0.082 


<34 


1 (0.9) 


1 (5.0) 




34-36 wk 6 day 


12 (10.3) 


5 (25.0) 




>37 


104 (88.9) 


14 (70.0) 




Birth weight >4,000 g 


8 (6.8) 


0 (0.0) 


0.999 


Delivery mode 






<0.001 


Vaginal 


69 (59.0) 


3 (15.0) 




Cesarean 


48 (41.0) 


17 (85.0) 




PPH characteristics 


Cause of PPH 


Uterine atony 


64 (54.7) 


2 (10.0) 


<0.001 


Abnormal placentation 


17 (14.5) 


15 (75.0) 


<0.001 


Low genital tract trauma 


25 (21.4) 


3 (15.0) 


0.517 


Retained placental fragments 


3 (2.6) 


0 (0.0) 


0.999 


Others 0 


8 (6.8) 


0 (0.0) 




Overt DIC 


33 (28.4) 


3 (15.0) 


0.131 


Hospital-to-hospital transfer 


90 (76.9) 


5 (25.0) 


<0.001 


Peri-interventional characteristics 


Hemodynamic instability 


53 (45.3) 


4 (80.0) a) 


0.165 


Initial hemoglobin <8 g/dL 


55 (47.0) 


2 (40.0) 


0.573 


More than 10 RBCU transfused 


43 (36.8) 


19 (95.0) 


<0.001 



Binary logistic regression analysis was performed. 

Data are presented as number (%) or mean ± standard deviation. 

PAE, pelvic arterial embolization; PPH, postpartum hemorrhage; DIC, disseminated intravascular coagulation; RBCU, red blood cell unit. 
a) Among 1 17 patients, 5 patients underwent hemostatic hysterectomy after PAE failure; b) Among 20 patients, 15 patients primarily under- 
went Cesarean hysterectomy whereas hemostatic hysterectomy was primarily performed in 5 patients after vaginal (3 patients) or Cesar- 
ean (2 patients) delivery; c) Others include pseudoaneurysm of the vaginal (1 patient) and superior vesical arteries (1 patient) and the injury 
of inferior epigastric (5 patients) and superior vesical arteries (1 patient). 



patients). The success group showed good clinical outcomes, 
but 3 cases of uterine necrosis occurred. Fourteen patients 
were clinical failures that required hemostatic hysterectomies 
(4 cases) and repeat PAE (10 cases). On univariate analysis, 
failure of PAE was associated with overt DIC (25 vs. 8 pa- 
tients, P = 0.009), more than 10 RBCUs transfused (32 vs. 



11 patients, f = 0.002) and embolization of both uterine 
and ovarian arteries (4 vs. 4 patients, P = 0.003) (Table 3). 
Multivariate analysis showed that PAE failure was only as- 
sociated with more than 10 RBCUs transfused (odds ratio, 
8.011; 95% confidence interval, 1.531-41.912; f = 0.014) 
and embolization of both uterine and ovarian arteries (odds 
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Table 3. Comparison of clinical characteristics between successful and failed PAE 



Characteristic 


PAE success (n=103) 


PAE failure (n=14) 


P-value 


Maternal characteristics 


Age (yr) 


32.0 ± 5.0 


34.0 ±4.0 


0.166 


Primiparity 


51 (49.5) 


5(35.7) 


0.337 


Preeclampsia 


6(5.8) 


1 (7.1) 


0.846 


Twin pregnancy 


2 (1.9) 


1 (7.1) 


0.281 


Previous Cesarean delivery 


22 (21.4) 


2 (14.3) 


0.542 


Neonatal characteristics 


Gestational age (wk) 






0.917 


<34 


1 (1.0) 


0 (0.0) 




34-36 wk 6 day 


11 (10.7) 


1 (7.1) 




>37 


91 (88.3) 


13 (92.9) 




Birth weight >4,000 g 


7 (6.8) 


1 (7.1) 


0.962 


Mode of delivery 






0.667 


Vaginal 


60 (58.3) 


9 (64.3) 




Cesarean 


43 (41.7) 


5(35.7) 




PPH characteristics 


Type of PPH 






0.344 


Primary 


85 (82.5) 


13(92.9) 




Secondary 


18(17.5) 


1 (7.1) 




Cause of PPH 


Uterine atony 


57 (55.3) 


7 (50.0) 


0.707 


Abnormal placentation 


14(13.6) 


3 (21.4) 


0.440 


Low genital tract trauma 


22 (21.4) 


3 (21.4) 


0.995 


Retained placental fragments 


2 (1.9) 


1 (7.1) 


0.281 


Others 3 ' 


8(7.8) 


0 (0.0) 




Overt DIC 


25 (24.3) 


8(61.5) 


0.009 


Hospital-to-hospital transfer 


81 (78.6) 


9 (64.3) 


0.239 


Peri-interventional characteristics 


Hemodynamic instability 


44 (42.7) 


9 (64.3) 


0.137 


Initial hemoglobin <8 g/dL 


48 (46.6) 


7 (50.0) 


0.811 


More than 10 RBCU transfused 


32 (31.1) 


11 (78.6) 


0.002 


Nature of embolizing agent 






0.062 


Temporary 


71 (68.9) 


6 (42.9) 




Permanent 


32 (31.1) 


8(57.1) 




Nature of arteries embolized 


Cervicovaginal branch 


1 (1.0) 


0 (0.0) 


>0.999 


Uterine artery 


78 (75.7) 


8(57.1) 


0.147 


Internal iliac artery and/or branches 


13 (12.6) 


2 (14.3) 


0.861 


Uterine and ovarian arteries 


4 (3.9) 


4(28.6) 


0.003 


Others"' 


7 (6.8) 


0 (0.0) 


0.999 


No. of PAE 






0.998 


1 


103 (100.0) 


4(28.6) 




>2 


0 (0.0) 


10(71.4) 





Binary logistic regression analysis was performed. 

Data are presented as number (%) or mean ± standard deviation. 

PAE, pelvic arterial embolization; PPH, postpartum hemorrhage; DIC, disseminated intravascular coagulation; RBCU, red blood cell unit. 
a) Others include pseudoaneurysm of the vaginal (1 patient) and superior vesical arteries (1 patient) and the injury of inferior epigastric (5 
patients) and superior vesical arteries (1 patient); b) Others include pseudoaneurysm of the superior vesical artery (1 patient) and inferior 
epigastric (5 patients) and superior vesical arteries (1 patient). 
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Table 4. Multivariate analysis of failed pelvic arterial embolization after postpartum hemorrhage 



Variables 


OR 


95% CI 


P-value 


Overt DIC 


3.364 


0.838-13.503 


0.081 


More than 10 RBCU transfused 


8.011 


1.531-41.912 


0.014 


Uterine and ovarian arteries 


20.472 


2.715-154.365 


0.003 



Binary logistic regression analysis was performed. 

OR, odds ratio; CI, confidence interval; DIC, disseminated intravascular coagulation; RBCU, red blood cell unit. 
Table 5. Peri-interventional complications 



Complications 


19(14.5) 


PPH-related complications 


12 (10.3) 


Acute renal failure 


5 (4.3) 


Hepatic failure 


1 (0.9) 


Pulmonary edema 


3 (2.6) 


Postpartum cardiomyopathy 


3 (2.6) 


PAE-related complications 


7 (6.0) 


Uterine necrosis requiring hysterectomy 


3 (2.6) 


Buttock necrosis requiring surgical debridement 


0 (0.0) 


Fever higher than 38.5°C without a focus of infection 


2(1.7) 


Puncture site hematoma 


2(1.7) 



Values are presented as number (%). 

PPH, postpartum hemorrhage; PAE, pelvic arterial embolization. 

ratio, 20.472; 95% confidence interval, 2.71 5-1 54.365; 
P= 0.003) (Table 4). 

Regardless of clinical success in hemostasis by PAE, some 
patients suffered from procedure-related complications. The 
peri-interventional complications of PAE that we experienced 
are listed in Table 5. In the case of uterine necrosis, hysterec- 
tomy was inevitably done, due to the concern of possible sep- 
sis even without any sign of further bleeding. Three patients 
developed uterine necrosis after PAE. On univariate analysis, 
uterine necrosis was significantly associated with abnormal 
placentation (15 vs. 2 patients, P= 0.040) and the number 
of PAE (1 vs. 3 times, P = 0.012) (data not shown in Table). 
Among 3 patients with uterine necrosis, there was abnormal 
placentation in 2 patients and one patient who underwent 
PAE 3 times showed uterine necrosis. 



Discussion 

PPH is one of the major causes of maternal morbidity and 
mortality worldwide. Although uterine atony is the major 
cause of primary PPH, there are some other etiologies such 



as the lower genital tract laceration, retained placenta or co- 
agulopathy [1 1]. Uterine atony, the major cause of PPH in the 
present study, did not respond to uterotonic agents and uter- 
ine packing, appearing in conjunction with dilutional coagu- 
lopathy due to excessive hemorrhage. If PPH cannot be suc- 
cessfully controlled by uterine massage and uterotonic agents, 
there are several other treatment options. Traditionally, surgi- 
cal uterine-sparing techniques including balloon tamponade 
(i.e., Bakri balloon use), compression sutures, and uterine or 
internal arterial ligation were considered as management op- 
tions. However, internal iliac artery ligation has shown a more 
than 50% failure rate because of a rich collateral circulation 
in the pelvis [12]. In the past, loss of fertility was a concern 
after hemostatic hysterectomy following failed uterine-sparing 
techniques. Recently, with advances in radiologic intervention, 
the chances of effective bleeding control have prominently 
increased due to PAE. Also, uterine-sparing techniques are not 
significantly effective over PAE, as described in a recent meta- 
analysis of conservative management for PPH [13]. Thus, PAE 
is widely accepted as the primary treatment for medically 
unresponsive PPH. There have been several studies in the 
literature on the safety and efficacy of PAE for the treatment 
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of PPH [14-23]. The success rate of the procedure performed 
by experienced interventional radiologists has been reported 
to be more than 90% [24,25]. Our success rate (88.0%) was 
similar to reported success rates, which range from 82% and 
100%. 

The blood supply to the upper vagina is from a rich anas- 
tomotic network of vessels, arising mainly from branches of 
the anterior trunk of the internal iliac artery (vaginal, uterine, 
middle rectal arteries) and the internal pudendal artery, which 
is the most inferior branch of the posterior trunk of the inter- 
nal iliac artery. Among 69 VD patients, 25 patients (36.2%) 
showed extravasations from the internal iliac branches includ- 
ing the vaginal, obturator, internal pudendal, inferior gluteal 
and lateral sacral arteries except uterine arteries. In the case 
of VD, therefore, superselective catheterization and arterio- 
gram of internal iliac branches was required to assess the ex- 
tent of extravasations. In addition, there was an injury of the 
inferior epigastric artery in 5 out of 48 CD patients who were 
all transferred from other institutions after Cesarean section. 
They presented with severe abdominal pain with tenderness 
to the touch. Also, generalized oozing thorough the wound 
was noted. But, they were hemodynamically stable without 
profuse vaginal bleeding. Although selective uterine arteriog- 
raphy demonstrated tortuous hypertrophied uterine arteries, 
there were no definite extravasations from the uterine arter- 
ies. Following catheterization of the uterine artery, selective 
external iliac artery injection demonstrated a contrast blush in 
the pelvis, which was subsequently embolized using gelatin 
sponge. All patients developed jaundice during the recovery 
period. Typical arterial injury sites in PPH involve branches 
of the internal iliac artery, but the inferior epigastric artery is 
an atypical source of PPH. Therefore, the patients who have 
severe lower abdominal pain after Cesarean section require 
angiography to evaluate the inferior epigastric artery, a branch 
of the external iliac artery, as well as the extravasations from 
the internal iliac branches. 

In 1 17 PPH patients, PAE was performed in 19 cases (16.2%) 
for secondary PPH. Compared to the secondary PPH, there 
were more primiparous women, more overt DIC and blood 
transfusion of >10 RBCUs in the primary PPH group. Among 
19 secondary PPH patients, 3 patients showed arteriovenous 
malformation on angiography, combined with uterine atony. 
Retained placental fragments appeared in 3 secondary PPH 
patients, while none were found in primary PPH. Only one 
patient showed overt DIC in the secondary PPH group. In ad- 



dition, there was one case of PAE failure in this group. Thus, 
PAE of both uterine arteries and/or internal iliac branches was 
enough to stop hemorrhage for the secondary PPH. 

There were 20 patients who primarily underwent hyster- 
ectomy during or after the CD (Table 2). In particular, 15 
patients had a CD with placenta previa and accreta in our 
hospital, whereas 2 patients, who had not undergone Cesar- 
ean wound closure at another institution, immediately under- 
went hemostatic hysterectomy in our hospital. Only 3 patients 
were transferred from other facilities for lower genital tract 
laceration and/or paravaginal hematoma after VD and im- 
mediately managed by hemostatic hysterectomy due to overt 
DIC, hemodynamic instability and drowsy mental status on 
arrival. On univariate analysis, age, multiparity and placenta 
previa with accreta and blood transfusion of >10 RBCUs were 
significantly associated with primary hysterectomy. Thus, most 
of the high-risk patients who had our follow-up for placenta 
previa totalis with placenta accreta underwent Cesarean hys- 
terectomy. These patients were more multiparous and more 
frequently older than 35 years of age in comparison to the 
patients in the PAE group. 

There have been some studies describing predictive factors 
of failed PAE for intractable PPH. Sentilhes et al. [26] re- 
ported that failure of PAE was associated with a higher rate 
of estimated blood loss (more than 1,500 mL) and transfu- 
sion of more than 5 RBCUs. These two items, however, were 
used to assess the final and not initial clinical status of the 
patient. Moreover, visual assessment underestimates the 
amount of blood loss in approximately 45% of cases [16]. 
Therefore, these two predictors were significantly associ- 
ated with failed PAE and could not be considered true or 
useful predictive factors. In another study, Zwart et al. [19] 
assessed the risk factors of peripartum hysterectomy and ar- 
terial embolization for major obstetric hemorrhage. After the 
failure of PAE among 114 patients, 17 women underwent 
hysterectomy. Univariate analysis indicated that CD and 
multiple pregnancy were the most important risk factors. We 
assumed that the result was affected by the increased inci- 
dence of Cesarean section. However, in our study, previous 
CD was not associated with failed PAE. Recently, Poujade 
et al. [27] suggested that several factors, including placenta 
accreta, biological factors (hemoglobin level, PT, and fibrino- 
gen level) and transfusion factors (red blood transfusion, 
number of packed RBCUs transfused and fresh frozen plas- 
ma transfusion), were associated with PAE failure. However, 
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there were too many predictive factors and the authors also 
could not perform multivariate analysis. 

The cornerstone of the treatment of PPH is to stop hemor- 
rhage concurrently with correction of DIC. As in our study, 
the majority of patients were transferred to a tertiary center. 
Emergency treatment, therefore, may be delayed, giving an 
amount of time for DIC to occur, which worsens the progno- 
sis. Thus, this research evaluated the significance of DIC as a 
risk factor for failed PAE, using the ISTH DIC scoring system. 
We had 25 cases (24.3%) of overt DIC in the successful 
PAE group and 8 (61.5%) in the failed PAE group, dem- 
onstrating the value of overt DIC as a predictive factor for 
failed PAE. Recently, Kim et al. [23] also found that DIC was 
the only independent predictor of PAE failure. Hence, DIC 
scores might serve as a treatment guideline and a possible 
predictor for PAE failure, thus providing guidance for proper 
management. On multivariate analysis, however, overt DIC 
failed to show significant correlations with PAE failure. PAE 
failure was only associated with transfusion of more than 
10 RBCUs and simultaneous embolization of both uterine 
and ovarian arteries, which were not predictive factors, but 
rather, the results of longer time for PAE. If the time required 
for PAE is longer, the patient receives more RBCU transfu- 
sion. In the case of typical ovarian blush and abundant col- 
lateral perfusion to the markedly enlarged uterus, additional 
PAE was required. In this study, therefore, there were no 
significant predictors for PAE failure. 

In the second trial of embolization performed in 6 patients, 
recanalization of the previously embolized vessels was evident 
despite the short time intervals (<6 hours). Re-embolization 
stopped hemorrhage using glue in 3, microcoil in 1 and 
gelatin sponge in 1 patient, but one patient underwent he- 
mostatic hysterectomy owing to the hemodynamic instability. 
In particular, one patient who underwent re-embolization 
using microcoil in December 2008 had a reported pregnancy 
in December 2012. Our findings suggest that recanalization 
may be one of the causes of recurrent bleeding. In 5 recana- 
lized cases, however, re-embolization successfully stopped 
PPH. Therefore, we assume that it is appropriate to consider 
re-embolization prior to hemostatic hysterectomy if the pa- 
tient is hemodynamically stable. There were 5 patients who 
underwent embolization of both uterine arteries without 
confirmation of collateral circulation. Subsequent angiography 
revealed ovarian collaterals. In addition, selective unilateral 
uterine artery was blocked using gelatin sponge in 3 patients. 



Re-embolization stopped hemorrhage in 2 patients, whereas 
hemostatic hysterectomy was performed in 1 patient. Thus, 
we recommend that both uterine arteries should be prophy- 
lactically embolized even without specific extravasation sites. 
Subsequently, angiographic study for other collaterals includ- 
ing ovarian arteries should be performed to avoid additional 
embolization or hysterectomy. 

Immediate complications after PAE are frequently reported: 
pain, transient fever, mild numbness of the buttock, and he- 
matoma formation at the site of the common femoral artery 
puncture [15,28]. In addition, possibly delayed complications 
include pelvic infection, transient ovarian failure, vaginal fistu- 
la, uterine and bladder wall necrosis, and neurologic damage 
[22]. Lower extremity ischemic complications secondary to re- 
flux of gelfoam particles to the external iliac artery and distally 
have also been reported and have required interventions, such 
as embolectomy, fasciotomy, debridement, and amputation 
[29]. With adequate expertise and skill, however, the post- 
procedural complication rate is low and can be minimized to 
less than 1.6% [30]. Also, we did not experience any major 
complications requiring surgical interventions. However, three 
patients had intractable uterine necrosis, requiring hysterec- 
tomy. As described in the results, uterine necrosis was associ- 
ated with abnormal placentation, such as placenta previa with 
accreta, and the number of PAE performed (>3). In the first 
case, intraoperative hemostatic suture was performed during 
Cesarean section for placenta previa with accreta followed by 
3-fold performance of PAE covering both uterine and ovar- 
ian arteries. In another case of uterine necrosis, the patient 
underwent a Cesarean section for placenta previa with ac- 
creta where intraoperative hemostatic suture and subsequent 
PAE were performed. However, the patient was readmitted 
to the hospital 15 days later with fever and abdominal pain. 
Computed tomography (CT) showed 15-cm sized pyometra 
and myometrial thinning, which led to the performance of 
hysterectomy. The last case of the uterine necrosis developed 
after Cesarean section at other institution. Immediate PAE 
on arrival stopped hemorrhage, but left a persistent 15-cm 
sized hematometra in the uterine cavity in CT. Subsequently, 
the patient developed pyometra with myometrial thinning 
from persistently infected hematometra in the uterine cavity 
that reduced blood supply to the uterus leading to the uterine 
necrosis. We assumed that hematometra gave compressive 
effects to the uterus like UBT or otherwise suppressed blood 
supply to the uterus developing uterine necrosis. Therefore, it 
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is important to detect any sign of uterine infection and blood 
flow reduction by follow-up CT or sonography in PPH treated 
by PAE. Thus, it should be emphasized that maintenance of 
adequate blood flow to the uterus is as important as cessa- 
tion of bleeding in PPH management. 

In regard to PPH-related complication, acute renal failure 
(n=5) was successfully treated with fluid replacement and 
transfusion. Although the etiology was not identified, one 
patient died of hepatic failure two months later despite liver 
transplantation. In addition, there were 3 patients with car- 
diomyopathy, all of whom had PPH successfully controlled 
by PAE. However, they showed overt DIC and transfusion of 
more than 30 RBCUs in a relatively short period. In particular, 
inotropic agent was used in two patients. An echocardiogram 
showed left ventricular ejection fraction (EF) of 30% to 40% 
in all patients. After administrating angiotensin-converting en- 
zyme inhibitors and diuretics for several weeks in 2 patients, 
EF was normalized to 60% to 70% over a 1 to 2 month 
follow-up period. A third patient showed echocardiographic 
left ventricular EF that spontaneously recovered in a week 
without any medication. 

This study had some limitations due to the relatively small 
number of patients, and retrospective nature of the study. In 
particular, there was a concern related to the consistency of 
pre-embolization medical management of PPH and clinical 
status because a significant number of patients were referred 
from other facilities. This study also lacked statistical power 
because the sample size of the outcome of interest was low. 
This lack of statistical power did not permit us to identify true 
predictive factors of failed PAE. In addition, although fertility 
preservation is an important advantage of embolization over 
surgery, we did not assess the long-term effects of PAE on 
menses, fertility and future pregnancy evolution, particularly 
when permanent embolic material was used. Further research 
is required to assess reappearance of normal menstruation 
and future fertility outcome. 

In conclusion, the preservation of the uterus conserves fu- 
ture fertility, which is a distinct advantage of PAE. PAE showed 
a high success rate, mostly without procedure-related compli- 
cations. Thus, it is a safe and effective adjunct or alternative to 
hemostatic hysterectomy, when primary therapeutic manage- 
ment fails to control intractable PPH. 
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